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ABSTRACT

The article investigates the relationship between the characteristic
structure and application performance of a thickening-time retarding
additive for cement slurries and cement stones used in oil well
cementing. SEM images show a more uniform microstructure, while
XRD indicates that the a-SiO, peak at 26 = 26.6° remains clear, and the
CasSiOs peak appears with higher intensity, reflecting a retarded
hydration process due to the additive. FT-IR spectra reveal absorption
bands similar to commercial samples, with slight shifts. Particle size
analysis shows a finer and more uniform system: D50 decreases from
25.259 um to 17.101 um, and the most frequent particle size decreases
from 31.982 ym to 21.393 um.

In terms of application, the additive prolongs the slurry thickening time
to 6 hours 58 minutes at 0.10 gps, remaining stable under high
temperature and pressure. Permeability is nearly unchanged, while
porosity improves (21.023% vs. 22.604%). The maximum compressive
stress increases, indicating better load-bearing capacity and stability,
confirming the additive’s practical effectiveness.

Gidi thiéu chung

giéng, anh hudng truc tiép dén an toan va chat lugng
giéng khoan. D€ kiém soat qua trinh nay, viéc sir dung
cac phu gia kéo dai thai gian dac quanh clia xi mang la

Trong khai thac dau khi hién nay, dac biét déi vai cac
giéng cé do sau Ién, ap sudt va nhiét dé cao, viéc tram
xi mang gap nhiéu thach thic. Qua trinh bom xi mang
thuong kéo dai, va trong nhiéu trudng hap, xi mang co
xu hudng dong ran sém ngay trong qué trinh bom,
trudic khi 1&p day hoan toan cac khoang tréng cén thiét.
Hién tugng nay dan dén nguy ¢o tic nghén thiét b,
tram khong kin hoac hinh thanh khe hd trong véch
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v6 cung quan trong. Cac phu gia nay gilp kéo gién thai
gian déng ran, cho phép thao tac bom va tram dugc
thuc hién hiéu qua hon, dong thai duy tri cac tinh chéat
ca ly can thiét clia vita xi mang sau khi dong ran. Phan
I6n phu gia kéo dai thdi gian ddc quanh dang dugc st
dung cht yéu la san phédm nhap khau, chi phi cao va
chua dugc t6i uu hda cho céc diéu kién giéng khoan tai
Viét Nam. Trong khi dé, dac tinh dia chat, nhiét do, do

https://doi.org/10.62239/jca.2025.055

This article is an open access article distributed under the terms and conditions 7

of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/).


mailto:doanh.nt242255M@sis.hust.edu.vn

Vietnam Journal of Catalysis and Adsorption, 14 —issue 4 (2025) 7-11

man va thanh phan nudc trén cla cac giéng khoan
trong nudc co su khac biét dang ké. Diéu nay doi hoi
can nghién cltu va téng hgp cac loai phu gia pht hap,
diéu chinh tinh nang tai chd dé dap Ung nhu cau thuc
tién, dong thai giam chi phi va tang tinh hiéu qua trong
khai thac. Thanh phén chinh trong cac phu gia nay
thudng 1a cac hgp chat hitu cg, co khad nang hap phu
trén bé mat hat xi mang, Uic ché qué trinh hydrat hda va
kéo dai thai gian dac quanh [1, 2. Tuy nhién, nhiéu phan
tr hitu co khéng 6n dinh & nhiét dé cao, thudng trén
160-170°C. Khi bj phan huay nhiét, ching mét kha nang
ki€ém soat téc do hydrat hda, dong thdi c6 thé tao ra cac
san pham phu khéng mong muén nhu chét bot hodc tap
chét, gay anh hudng xau dén tinh chét cg hoc clia vita sau
khi déng ran. Do do, viéc nghién cttu phu gia c6 kha nang
hoat déng 6n dinh & nhiét d6 cao va kiém soét t6t quéa
trinh déng ran la mot yéu cau cép thiét [3,4,5].
Cong thic tinh téng thai gian dac quanh (Ta) [6):
Tq =Tam+Tp+Tv+TeL+TorT, [phit]

trong do:

- Toum: Thai gian khudy trén via véi nudc va phu gia;

- Tp: Thoi gian chudn bi (cd thé gop vao Taw);

- Tv: Thai gian bdm ép dung dich khoan ra khoang

khong vanh xuyén;

- TeL: Thai gian di chuyén nit bom;

- Tor: Thai gian du trlt an toan (30-60 phut).
Thdi gian tron via va phu gia:

Tem = XXL:

trong do:

- Vim: Thé tich xi mang kho (1 bao)

- Vem: Van téc trén (bao/phit)

Thai gian bom ép dung dich khoan ra khodng khéng
vanh xuyén:

\%
Tv=-4
Vv

trong do:
- Vgq: Thé tich chét Iong dé ép ndt trén
- v, Van téc ép
Cling c6 thé xac dinh thai gian trém (Tu mang) Xi Mang

theo cong thic:
Vq Vim | 098XVep  0,02XVep

N
| |
60xn;XQry n2XQry  (n—1)xXQqn Qi

10

Tyi mang =

trong do:

- V4: Thé tich dung dich dém (m?);

- Vep: Thé tich dung dich bam ép (m?);

- Qu: Luu lugng bom vdi van tdc s6 IV (dm?/s);

- Qui: Luu lugng bom vdi van tdc s6 Il (dm?3/s);

- n: S6 thiét bi bom tréam.
O nghién cliu nay sé nghién cltu anh hudng clia phu gia
lén vi cau trdc, phan bé kich thudc hat, thdi gian dac
quanh, do6 tham, do rong va dé bén ca hoc gidp t6i uu
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hoa hiéu qua st dung phu gia trong diéu kién thuc té,
nang cao chét lugng trém giéng, giam thiéu rdi ro trong
khai thac dau khi.

Thyc nghiém va phuang phap nghién clu
Héa chdt, dung cu

Lignosulfonat, thanh ph&n hitu cg chinh cla phu gia kéo
dai thdi gian ddc quanh; Borax (Na,B4O710H,0), thudc
nhom mudi borates, déng vai trd vé cc hd trg kéo dai
thai gian dac quanh; va Phosphonate v6 g, dién hinh
la ATMP (Amino Trimethylene Phosphonic Acid) hodc
cac mudi clia né, dugc sut dung dé cai thién hiéu qua
clia phu gia.

Céc dung cu va thiét bi st dung trong nghién clu bao
gom: can phan tich (@6 chinh xac = 0,0001 g) Ohaus
PR224/E; méy khudy tU gia nhiét IKA RCT basic; may
rung siéu am Ultrasonic Cleaner Granbo; ti sdy
Memmert UF110; t0 hut Esco; céc thdy tinh 250 mL va
100 mL Pyrex; nhiét k& Hana.

Quy trinh thuc nghiém

Budc 1: Pha hdn hap dung dich Lignosulfonat + Nudc
va hén hop Borax + Nudc cho ¢a 5 mau phu gia dé ty
lé dugc dong déu dé danh gia hon, déi vai dung dich
Borax c6 thé gia nhiét 50 — 60°C dé tan hoan toan. Trén
déu 2 hdn hop vdi nhau bang may khudy tU, co thé gia
nhiét néu can;

Budc 2: TU dung dich d& pha & trén, ta chia dung dich
lam 5 phan bang nhau dé tién hanh pha cac mau phu
gia kéo dai thdi gian dac quanh, ATMP va nudc dugc
tron theo ti 1& phu hap dé cho vao hdn hop dung dich
Lignosulfonat + Borax sau khi da chia, s& dung may
khudy tu.

Cac mau phu gia kéo dai thdi gian dac quanh déu chita
55% Lignosulfonat va 5% Borax. Ham lugng ATMP va
nudc thay déi theo ting mau: BK40 c& 40% ATMP
khéng co nudc; BK35 cod 35% ATMP va 5% nudc; BK30
€6 30% ATMP va 10% nudc; BK25 co 25% ATMP va 15%
nuac; con BK20 c6 20% ATMP va 20% nudc.

Viéc lya chon ty 1& 55% Lignosulfonat va 5% Borax trong
cong thuc phu gia kéo dai thai gian ddc quéanh cho viia
va da xi mang trdm giéng dau khi dugc can cl trén cac
nghién cltu khoa hoc. Theo Bassioni va Ali [7], ham
lugng Lignosulfonat tif 0,1% - 0,2% theo khéi lugng xi
mang cho thdy hiéu qué ré rét trong viéc kéo dai thai
gian déng két ma khong lam gidam dang ké tinh chét co
ly clia vifa sau khi déng két. Li va cong sy [8], viéc su
dung Borax lam phu gia co hiéu qua trong viéc kéo dai
thai gian dong két clia xi mang, vdi liéu lugng t6i uu tu
1% dén 5% trong phu gia. Do do, viéc st dung 55%
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Lignosulfonat va 5% Borax trong cong thuic phu gia la
hap ly, nham t6i uu hda hiéu quéa kéo dai thai gian dac
quanh ma van dam bao cac tinh chat cg ly cla vita va
da xi mang tram giéng dau khi.

Budc 3: Sau khi da hoan thanh pha phu gia kéo dai thdi
gian dac quanh, ta can dé phu gia hydrat hda trong toi
thidu 24 gid.

Budc 4: Tién hanh pha vita xi mang vdi phu gia kéo dai
thai ddc quanh va khudy déu hdn hgp thu dugc va cho
vao May rung Ultra Sonic Cleaner dé hén hop dudc
doéng nhét hoan toan.

Cdc phuong phdp nghién ciu

Cac phép do dugc tién hanh nham déanh gia tir cu tric
dac trung dén tinh nang Uing dung clia phu gia kéo dai
thai gian dac quanh. SEM dugc st dung dé quan séat vi
c8u truc va do dong déu bé mat. XRD xac dinh thanh
phan khoang va dénh gia qua trinh thdy hda xi mang.
FT-IR khdo sét cac nhom chic hda hoc va tuong tac clia
phu gia vd&i xi mang. Phan bé 8 hat theo TCVN
10825:2015 danh gia kich thudc va dong déu hat. Thai
gian dong két va db 6n dinh thé tich theo TCVN
6017:2015 kiém soat qua trinh déng rén, trong khi dé
bén nén theo TCVN 6016:2015 danh gia kha nang chiu
luc. PO réng, d6 tham va thdi gian déc quanh khao sat
tinh 6n dinh va kha nang trém kin cla vita.

K&t qua va thao luan

Bang 1: Thai gian déng két clia cac mau vita xi mang

Két qué thai gian T6ng
<TT Tén /dorjg két & 615% thf‘ji giap
mau Bst dau  Kétthuc — dong ket
(phut) (phut) (phut)
1 XMO 122 137 15
2 XM20 235 264 29
3 XM25 241 267 26
4 XM30 247 280 33
5 XM35 240 268 28
6 XM40 245 275 30

C6 thé nhan thdy XM20, XM25, XM35 va XM40 déu c6
hiéu qua nhat dinh trong viéc kéo dai thai gian dong
két. XM20 dat 29 phuat, XM25 la 26 phut, XM35 la 28
phat, va XM40 la 30 phat. Tuy nhién, néi bat nhat Ia
XM30, v&i t6ng thai gian dong két dat 33 phut, gia tri
cao nhét trong toan bd dai khdo sat. Biéu nay cho théy
phu gia BK30 khéng chi lam chédm thai gian bat dau

doéng két ma con kéo dai toan bd qué trinh chuyén tur
trang théi long sang trang thai ran, gilp clfa s6 bom tré
nén an toan va én dinh han dang ké so vdi cac mau con
lai. BK30 dugc danh gia la mau phu gia tiém nang nhat
dé lya chon cho cac nghién clu tiép theo. Ly do 1a BK30
vla dam bao su kéo dai dang ké thdai gian dong két, vira
duy trl d6 én dinh va nam hoan toan trong nguéng quy
dinh cla tiéu chuén ky thuat.

V&i kha nang tao ra clia s6 bom réng hon, BK30 dac
biét thich hgp trong mai trudng giéng khoan sau va mai
trudng nhiét dé cao, nai yéu cau thai gian thi cong dai
va do tin cay cao. Han nlfa, viéc lya chon BK30 lam ddi
tugng nghién clu tiép theo cling gitp dinh hudéng phat
trién cac giai phap phu gia co tinh can bang tét gitta
hiéu qua kéo dai thai gian dong két va tinh kha thi trong
van hanh thuc té.

Ed

SEl  15kV WD17mm

SEl  15kV WD17mm

x10,000 Apm = —

Hinh 1: Anh chup SEM & cac dé phong dai khac nhau
clia mau da xi mang co phu gia BK30 (XM30)

Anh chup SEM ctia mau da xi mang c6 phu gia BK30
(XM30) cho théy cau tric vi mé kha x8p va khéng dong
nhat. Cac san phdm thay hda xudt hién rdi rac, lién két
chua day ddc va con ton tai nhiéu khe réng, 16 x&p trong
khéi vat liéu. Su cd mat clia phu gia lam cham qué trinh
thy hda, dan dén viéc hinh thanh gel C-S-H dién ra
https://doi.org/10.62239/jca.2025.055
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chadm hon, céc tinh thé phat trién chua hoan thién va
phan bé khong dong déu. B& mat quan sat van con
nhiéu khodng tréng chua dugc 1&p day bdi san phdm
thay hda, khién mat dé cau tric thdp hon so véi mau xi
mang thong thudng. Biéu nay phan &nh ding cg ché
tac dung ctia phu gia BK30 la kéo dai thai gian ninh két,
dong thai lam chdm qué trinh phat trién cdu truc dac
chéc trong giai doan dau.

— XM30
— XMO

W TSN NS S

30 40 50 60 70 80
20 (°)
Hinh 2: Gidn d& XRD clla mau XMO0 va XM30

.
L

Ph& XRD cho thdy & mau XMO (khéng phu gia), cudng
do nhiéu xa dac trung cho pha thach anh (a-SiO5) xuét
hién rd rét tai 26 = 26,6°, trong khi cac dinh nhiéu xa
cla pha alite (Ca3SiOs) tai 26 = 29,5°, 32,2° va 34,5° ¢
cuong doé théap. Biéu nay ching td qué trinh thdy hoa
dién ra nhanh chéng, phan 1én C5S da chuyén hda thanh
san pham thay héa vé dinh hinh C=S-H, vén kho quan
sat bang XRD [9]. Nhu vy, phan Ung thay hoa & mau
XMO dién ra manh mé va khoéng bi kim ham. Nguagc lai,
& mau XM30 (c6 phu gia), dinh thach anh a-SiO; tai 26
~ 26,6° van dudc ghi nhan, nhung cac dinh nhiéu xa cla
alite (Cas3SiOs) xudt hién vdéi cudng doé I6n hon va khdng
o sy dich chuyén dang ké. Két qua nay phan anh qua
trinh thdy héa da bi kim hdm ré rét, do lugng CasSiOs
chua bj tiéu hao nhiéu nhd sy Uic ché phan Ung clia phu
gia, trong khi & mau khong phu gia, cac pha nay da
nhanh chéng chuyén héa thanh san phém thly hoa vé
dinh hinh.

Két qua phé FT-IR Hinh 3 cho thdy mau BK30 cé nhiéu
dac diém phd tuong dong véi hai mau phu gia thuong
mai. Cac dinh h3p thu d&c trung cila nhom —OH quan
sat thay tai khoang 3400 cm™, phan anh sy hién dién
clia lignosulfonat, thanh phan httu cg chinh ¢ vai tro
kéo dai thai gian ddc quénh cla xi mang. Cac dai dao
dong tai 29002950 cm™ lién quan dén lién két C—H
trong cau trdc hitu o cling dugc ghi nhan rd rét & ¢
https://doi.org/10.62239/jca.2025.055
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ba mau. Ngoai ra, dai hdp thu tai 1030-1045 cm™ 6 thé
gén cho dao déng kéo gian S=0 trong nhém sulfonat
cla lignosulfonat. Sy xuét hién cta cac dinh khodng
1170-1190 cm™ va 1630-1640 cm™ cho thay su c6 mat
clia cac nhém chuic lién quan dén tir Borax, déng vai tro
mudi vo ¢o hé trg lam cham qué trinh thdy hoa. Bén
canh dé, phé cling thé hién cac tin hiéu tai vung 1720-
1730 cm ™" dac trung cho dao dong C=0, phu hgp vdi
sy hién dién clia phosphonate vé co. Khi so sanh, cé thé
thdy BK30 thé hién phd FT-IR gan gidng vdi cac mau
thuong mai, cho thdy thanh phan hda hoc va nhom
chic chinh tucng tu.

i N . U VN S i THENY L
/V \,_JV"‘V' / \\ /M// \/\'\U’ V. ;”Jf

/

'9(!49 g |

7200492 \ 2

\\ o2 W 084 o0y 57

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

N Wave (cm!) X
——Mau thuong mai 1 —BK30 Mau thwong mai 2
Hinh 3: So sanh két qua FT-IR clia BK30 vdi 2 mau
thuong mai

13.0 100.0

q (%)
Q (on %)

100.0 600.0
Diameter (um)
13.0 100.0
o
S =
~ =)
= SR =
A §| o
A
o N
il ¥
o i | _0
0.100 1.000 10.00 100.0 600.0

Diameter (jum)

Hinh 4: Biéu do su phan bé ¢& hat cla dé xi mang
XMO (& trén) va XM30 (& dudi)
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O cling diéu kién thi nghiém, dé tham ctia hai hé gan nhu
tuong ducng (vifa xi mang khdng phu gia la 0,026 mD so
V@i vifa xi mang co phu gia BK30 la 0,028 mD), chénh léch
nhd va kho tao khac biét thuc tién. Nguoc lai, do réng
trung binh cho thay xu hudng cai thién ré: mau cé phu gia
BK-30 dat 21,023%, thdp hon mau khéng phu gia
(22,604%), phan anh cu tric dac chac hon.

Viéc b6 sung phu gia BK30 lam hé hat min va déng déu
han so vdi mau khong phu gia. Kich thudc trung vi D50
gidm tr 25,259 um (XMO0) xuéng 17,101 um (XM30) (hinh
4), tc gidam khodng 32%. Kich thudc chiém ty 18 I6n nhat
gidm tur 31,982 um xudng 21,393 um (gidm ~33%). Phan
dudi tho clia phan bé cling dugc cat gidm manh: D90
U 74,695 um con 33,313 um va D95 tir 99,409 pum xudng
38,543 um (giam trén 60%). Dong thai, D10 dich chuyén
tl 5,308 um vé 4,549 um, cho théy toan bd phan bé hat
dugc dich chuyén vé phia min han va hep hon quanh
trung tam.

100-  204- 1

T

90-

180-

ks

80-

150-
70- 1

tency (8)

Pressure(MPa)

30- go-

7=

/

J

L/

L/ =
e o Gioreameeeeeree L L L

Time

Hinh 5: Thai gian ddc quanh cua xi mang khi thém phu
gia BK30 v&i ham lugng 0.1 gps tai nhiét do 85°C, ap
suat 35.6 Mpa

Dudi diéu kién thi nghiém 85 °C va ap suét 35,6 MPa,
két qua do cho thdy phu gia BK30 v&i ham lugng 0,1 gps
dé& phéat huy hiéu qué ro rét trong viéc kéo dai thai gian
dac quanh ctia vfa xi mang. Buong cong doé sét duy tri
6n dinh & muc thdp trong sudt giai doan dau, dam bao
v{fa van gilt trang thai bom dugc trong thdi gian dai ma
khong xay ra hién tugng gel hda sém. Sau khoadng 5-6
gids, do sét mdi bat dau tang dan nhung van trong gidi
han kiém soét, cho thay clra s6 bom du réng va an toan.
Khi dat dén thai diém dac quanh, do sét ting vot, thé
hién quéa trinh chuyén nhanh sang trang thai déng két,
gilip xac dinh r& rang thai diém két thic bom trém. Bac
diém “6n dinh 14u — tdng nhanh” clia dudng cong chiing
minh BK30 da lam cham qua trinh thdy hda mdt cach
hiéu qua ma khong gay can tré cho qua trinh phat trién
cudng do & giai doan sau. Ham lugng 0,1 gps cling dugc
xem la hap Iy vi vira dam béo kéo dai thai gian ninh két,

vla trdnh nguy ca chdm qua muc gay anh hudng dén
tién d6 thi cong hoac chat lugng vita. Nhu vay, co thé
khéng dinh 0,1 gps BK30 la ndng dé phu hgp dé kéo dai
thai gian dac quéanh cta vifa xi mang trong diéu kién
nhiét dé va ap suét cao.

Két luén

P3 ché tao thanh cong va danh gia thanh cdng cac mau
phu gia kéo dai thai gian dac quanh cho xi mang tram
giéng.

BK30 thé hién uu thé vuot tréi véi thai gian dac quanh
8n dinh 1én t&i 6 gid 58 phat. Vé vi cdu tric, BK30 giup
giam do rong (21,0% so vdi 22,6%) trong khi dé thadm
gan nhu khéng thay déi, chiing té nén vét liéu dac chac
han, phan bé ¢& hat dich vé phia min va hep hon. Két
qua FT-IR cho théy BK30 c6 déc diém tuong dong vdi
mau thuang mai, trong khi XRD khang dinh khéng hinh
thanh pha tinh thé mdi, tdc doéng chinh ndm & phan vo
dinh hinh. Hinh anh SEM cho thdy mang C-S-H lién tuc,
it vi nut va 16 réng, gép phan nang cao cd tinh va cai
thién kha nang cach ly via.

Nhu vay, BK30 la phu gia tiém nang, vua kéo dai dang
ké thai gian dac quanh, vira cai thién vi cdu tric va ca ly
clia dé xi méng, dap Ung t6t yéu cau thi cong bom trém
giéng trong diéu kién thuc té.
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